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[57] ABSTRACT 

The inventioo relates to a method for transmitting packet 
data ia a cellular system. The number of time slots in a 
TDMA ficame dedicated f<x packet transmission varies 
according to traasmissloo needs and each It^cal diannd 
consisting of coirespondiog time slots in consecutive TDMA 
frames is iodependeiit of the other logical channels. A data 
packet is encoded in an infonnation channel frame consist- 
ing of N- 1 information bursts, and between the frames there 
can be an admowledge/retransmissioo request burst (ARQ) 
reporting that a received firamc was crror-&ee or requesting 
retransmission. Thus, the inforaiatioD channel consists of 
repeated sequences of N bursts. Also disclosed are the 
structure of a packet paging burst (PP), packet random 
access burst (PRA), packet access grant burst (PAQ). 
acknowledgeA'ctransmission request burst (ARQ) as well as 
the use of the bursts in starting and nuuntaining the trans* 
mission. 

39 Claims, 8 Drawing Sheets 



BUSY/IDLE PACKET PAGING PACKET ACCESS GRANfT ARQ 











UPLINK BUSY/IDLE 
CHANNELS 


TPMI 


CHANNEL ALLOCATION 
BITMAP 


RAND 


CHANNEL ALLOCATION 
BITMAP 


TA 


ARQ 



12/3/04, EAST version: 2.0.1.4 



5,729,541 

Page 2 



U.S. PATENT DOCUMENTS 

5v404392 4/1995 Miller ctal 379/60 

5,420,ft64 5/1993 DaUin et al. . 

5,430,724 7/1995 FaD et ai. . 

5.434,847 7/1995 Koo . 

CITHER PUBUOmONS 

Electroiiics and Communictioa Journal, vol. 5, No. 3, 1 Jun. 
1993, pp. 180-186, Dunlop. J., "A Reservation Based 
Access Mediamsm For 3rd GeocratioD Cellular Systems". 
IHEETVansactioDS On Vehicular Technolcgy, vol. 39, No. 4, 
1 Nov.. 1990, pp. 340-351, Mitrou et al. "A Rescxvaaoo 
Multiple Access Protocol For Midocellular Mobiie-Com- 
nuinic^in Systems". 

"European digital cellular telecommunications system 
(Phase 2); Physical layer on the radio path Goaerat descrip- 
tion (GSM 05.01)" ETSL May 1995. pp. 1-19. 



"European digital cellular teleconuounications system 
(Phase 2); Channel coding (GSM 05.03)", ESn, Aug. 1995, 
pp. 1-5 and Mar. 1995, pp. 1-31. 

Mouly, et al., "Ilic GSM System for Mobile Comnmnica- 
tions". 1992. Ptance, pp. 215-216, 231-241. 346-349. 

Hodges, M.ILL., 'The GSM radio interface**, British Tele- 
com Technology Journal voL 8 No. 1, Jan. 1990, pp. 31-43. 

"European digital cellular tclccommunicatioiis system 
(Phase 2); Mobile rAdio inteifaix layer 3 specification 
(GSM) 04.08)", ESTI, May 1995. pp. 37-40. 183-186. 

IEEE Transactions Oo Vdiicular Tecbnology, *'Vcice and 
Data IntegnitioD in the Air-Interface of a Microcellular 
Mobile CommunicatioD System", vol. 42, No. 1. Feb. 93. 



12/3/04, EAST Version: 2.0.1.4 



U.S. Patent Mar. n, im sheet i of 8 5,729,541 



















CO 






co 








^ME 




to 


FRAt 












DMA 




fry 


< 

Q 
t— 






^~ 


















CS 
























i 




DOWl 




< 


1 lOI 

UrL 
















CO 






CO 


^ME 




in 






in 








1 






1— 




to 






to 
























CN 








1 













o 

Li- E 

Q- 



o 

(TO 

< 




o 

ceo 



V 




or 





IS 



Q_ 



3 



o 



00 
Ui 



3:^ 



OQ- 

Cl ZD 

^ U- U- 

00 ^ ^ 
a: (I II 

O Q Z> 



^ OO 



15^ 



CM 
O 



12/3/04, EAST Version: 2.0.1.4 



U.S, Patent Mar. 17, 199s sheet 2 of 8 5,729,541 



CiJ 



< 



:1 



o 



i 

< 



Kvst--b 



j 



12/3/04, EAST Version: 2.0.1.4 



U.S. Patent 



Mar. 17, 1998 



Sheet 3 of 8 



5,729,541 



0£. 
< 



o 
< 



00 





or 
























mo 












— 1 rn 












< 




X 




o 




















o 












s 




o « 




^ i 

— I on 




Z 








< 




X 




o 








1 




y 




o 








(/) UJ 








QD Z 








z o 




_J 




CL 







o 

< 



o 

i 



a 
< 



< 
o 
o 



< 



CD 



o 



3 

m 



a 

QQ 

_J 
CL 



CO 



X 

o 



o 

on 
< 



o 

cn 
c/i 

UJ 

o 



5 

—I ■< 
J ^ 



5 



y 

o 

5) UJ 

3 Z 

□□ ^ 

^ X 

2 O 



CO 

o 



CO 



12/3/04, EAST Version: 2.0.1.4 



U.S. Patent 



Mar. 17, 1998 Sheet 4 of 8 



5,729,541 




Li- 

o 
cn 




25 BITS 








ui 

L-l— J 


BITS 


BITS 


BITS 


BITS 




DATA 


MAX 


CO 




CD 


t/l 

55 
O 

a. 
















LE ID) 






JELS 




FIELD CONTENTS 


TMPt (TEMPORARY PACKET MOBI 


CHANNEL ALLOCATION BIT MAP 


ARQ ACKNOWLEDGE (LI ARQ) 


BITMAP OF FREE UPUNK CHm 



12/3/04, EAST Version: 2.0.1.4 



U.S. Patent 



Mar. 17, 1998 



Sheet 5 of 8 



5,729^41 




12/3/04, EAST Version: 2.0.1.4 



U.S. Patent 



Mar. 17, 199S Sheet 6 8 



5,729,541 



RANDOM NUMBER 


No. OF TIME SLOTS 


PRIORITY 


CONSEC. 



FIG. 10 



MS BS 
PRA 



PAG 



FRAME 



ARQ 



FRAME 



ARQ 



FIG. 12 




12/3/04, EAST Version: 2.0.1.4 



U.S. Patent 



Mar. 17, 1998 Sheet 7 of 8 



5,729,541 



MS BS 

n ^ pp r 

^ I FRAME 

ARQ 
^ I FRAME 

ARQ 



FIG. 14 




FIG. 15 

12/3/04, EAST Version: 2.0.1.4 



U.S. Patent 



Mar. 17, 1998 



Sheet 8 (tf 8 



5,729,541 




12/3/04, EAST Version: 2.0.1.4 



5,729,541 



SYSTEM FOR TRANSMmiNG PACKET 
DATA IN RADIO TELEPHONE TDMA 
SYSTEMS 

FIELD OF INVENTION 

This invcntioD lelates to the transmission of packet data 
having flexible variable rate reservation access for TD\fA- 
based cellular systems. 

BACKGROUND OF INVENTION 

Typically, cellular systems offer efficient data and speech 
services based on dicuit switched technology. In circuit 
switching, however, the use of transmission resources is not 
optimal since the transmission link is maintained for the 
whole duration of the connection independent of whether or 
Dot informatioa is being sent at a given moment Transmis- 
sion resources are also shared by many other users, and 
therefore maintaining a circuit switched connection for one 
user uiuiecessarily wastes tiie transmission resources for 
other users. The fdct that data services arc transmitted in 
bursts is also a disadvantage to dicuit switching. Channel 
utilization can be in^noved and optimized by using packet 
switched transmission of information. 

There have been several research projects to study packet 
radio for optimizing the use of channels in burst data traffic. 
Time division multiple access (TDMA) was not utilized in 
older systems. More leccDt research projects have studied 
time division based packet radio systems capable of reserv- 
ing multiple thne slots per use; in other words, capable of 
data transmission with high data rates. 

A future third genctatioo cdlular system called die uni- 
vcrsal mAyHt tdecommunicaticm system (UMTS) has to be 
enable of peifaming both dmut switched and packet 
transmission, like integrated services digital network 
(ISDN) transmission and asynchronous transfer mode 
(ATM) transmission. The key factor is an air interface 
utilizing advanced multiple access technology for efficiently 
nmldplexiag, at the air interface, diannels siqipoiting vari- 
ous types of services to and from the radio path. Require- 
ments set by the UMTS system for the air interface have 
becD described in the article "A Reservation Based Multiple 
Access Scheme for a Biture Universal MotAle Telecommu- 
nications System" by J. M. DeMllc, published in the Mobile 
and Personal Commiinicatioas, 13-15 Dec. 1993. Confer- 
ence PublicatioD No. 387, lEE 1993. The multiple access has 
to be capable of utilizing the inactivity of the information 
source by assigning a physical channel only when there is 
activity on the logical channel and, furthermore, be capable 
of supporting various bit rates so that, when necessary, time 
slots io a frame are assigned for the logical channel. 

To meet these and other requirements a multiple access 
control method has been proposed called packet reservation 
multiple access (PRMA-H+) which is part of the proposal foe 
third-generation cellular systems In relation to the transmis- 
sion of packeted speech and data. The FRMA-H- can be used 
as multiple access control both in packet switched and 
circuit switched transmission. The PRMA++ method con- 
centrates on the use of one time slot in the transmission of 
packet data. This mechanism provides an efficient multi- 
slot/multi-uscr environment for a system having a high 
number of time slots in its TDMA frame. 

The PRMA++ uses time division multiple access TDMA 
in the radio channel This makes it possible for a user to 
share radio channel transmission resources. Now foUows a 
descr^tion of this system, with reference to FIG. 1, A 
TDMA frame is divided into time slots in which a trans- 
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mitted burst carries data and signalling associated witti 
channel coding, detection, etc. Id the uplink direction, i.e. 
from a mobile st^on to a network (base station), there are 
two Qrpes of time slots: leservatioD time slots, or, R-slots 
whidi are used only for transmitting channel request bursts; 
and infcimation time slots, or. I-slots used only for trans- 
mitting informatiCHi bursts. In a channel request burst a 
mobile station uses a so-called air interiace channel identi- 
fier including the mobOe station's network address that 
identifies the logical channel and requesting one or more 
time slots of a frame for its use according to the need at that 
moment In the downlink direction, i.c. from a aetwork (base 
station) to a mobBe station, there are also two types of time 
slots: I-slots for transmitting informatioD and A-slots, <v, 
acknowlet^e time slots. When a mobile station requests 
access to Ihe necwoilc the base station acknowledges the 
request with A-slots by sending the requesting station's 
address and the number of ttie I-slot. From then on. that 
I-slot is reserved for the mcrfiile station. 

Let the number N of FRMA-H-time slots available in one 
TDMA frame be a system configuration parameter. Then, in 
the uplink diannel tiiere is in one TDMA frame, one 
reservation time slot (R-slot) and K- 1 information time slots 
(I-slots). All mobile statioos b^in transmission by sending 
a duumel request in the R-slot and if several mobile stations 
use the same R-slot for sending the request, collisions may 
occur. In the downlink channel, Ihcre Is also in a TDMA 
frame, in addition to the I-sl<^ and the above-mentioned 
A-slot for admowledging channel reservation requests sent 
in the R-slot, a fast paging time slot (FP-slot) for informing 
a mobile station about an incoming data transmission and 
the information transmission time slots. 

A mobile station Initiates a connection by sending a 
channel request on an uplink channel in the R-slot used for 
this purpose by all mobile stations of a cell. The base station 
acknowledges the channel request with a downlink acknowl- 
edge burst in the A-slot If no requests are sent in the R-slot 
or if there are collisions on the channel recognized by the 
base station, it srads an "idle" flag in the acknowledge burst 
of the corresponding A-slot and then the mobfle station 
knows that it should send Ihe channel request again after a 
^lile. In the case that a channel request scat in ttie R-slot 
was received without protdems but there are no free time 
slots for transmission, the nK^ilc station will be informed 
about the matter in the next downlink acknowledge time 
slot. The mobUe station will queue tot access until a free 
time slot is found. 

An R-slot includes a training sequence, the address of (he 
mcrt>ile station, the number of requested information rim^ 
slots, and die circuit switching flag. The flag tells whether 
the resovotion is valid for the duratioo of the packet or for 
a longer lime. The channel is reserved until an instruction is 
given to release the reserv^on. The acknowledge burst in 
the A-slot includes the address of die mobile station request- 
ing a channel and the channels dedicated for traffic. The 
mobile statitHi receives the acknowledge burst and then sets 
the receiver and transmitter to the defined channel Traffic on 
the channel is begun and it continues as long as there arc data 
or speech to transmit In packet data transmission, the 
number of bursts— or, in this case, packets — sent after one 
channel request can be fixed. 

A base station uses the fast paging time slot (FP-slot) to 
inform a mobile station about an inocmiDg packet A mobile 
statioD listens to he fast paging dumnel and decodes ail 
incoming messages to find its own code. The fast paging 
time slot includes a list of the I-slots that have been allocated 
to (he mobile station. A mobile station acknowledges a 
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paging call by sending an ackncwledgc in tbc fast paging dent of the number of time slots in use. So ttie operatar is 

acknowledge time slot (FP-aclc). free to launch the packet data transmission service using 

Accordingly, it is characteristic of the proposed UMTS only a few time slots in a TDMA frame and, as Acneed 

system that both uplink and downlink conncctioDS that arc arises, to upgrade the service using aU time slots m aTDMA 

inactive at a given moment are not aUocated physical s bzmc- ^ Hic appUcation is e.g. GSM or DCS 1800 or some 

channels during that time, which prevents unnecessary use derivative, one frame includes 8 time slots and it is 

of resources. Channels are always reserved using the same therefore possible to dedicate from one to eight time slots for 

method independent of whether fl>e connection is a circuit packet data use. Even if the network supports mulU-slot 

switched or a packet connection. One disadvantage of this transmission a mobUc station is stiU free to use only oneUmc 

known system is that the aUocation of channels is not to slot. Then even a simple mobUe station is able to use the 

dynamic and, therefore, it is not easy to change the channels packet data service provided by ttie network, 

reserved for packet use. The rcscrvatioo. paging, and A high-cecity ceU can be built by dedicatmg more tbm 

acknowledge time slots are certain time slots and prior art one carrier wave for the packet radio service. The algOTitton 

systems take no position in the changing of those time slots. is independent of the number of time slots dedicated by the 

In addiUon, the known system does not particularly take into »5 opcratot An operator can start with one tune slot and 

account the symmetry or asymmetry of the padcel transmis- "PS™*"* up to 8 tunc slots when the number of 

sion when setting up a transmission channel. Hence, there is pacbc* g^vf&. 

the disadvantage of the system not being very flexible. It is NaturaUy. the number of earners can also be increased, 

true the system is good with a great number of time slots but which means that multiple independent cament are used, 

wifl. a variable number of tiioe slots, say, one or two. the ^ DESCRimON OF THE DRAWINGS 

system is not easily configurable. jw*-^*" 

™,„,^„,^™rt-,™™ TKri^rfT^r»xi An embodiment in accordance with ttie invention is 

BRIEF SUMMARY OF THE INVETmON described bdow, by way of cximptr only, wifti reference to 

According to the present invention there is provided a the caclosed drawings, and in which: 

time division multiple access (TDMA) radio telephone ^ pjQ j shows the frame stnicture of the proposed UMTS 

system for transmitting packet data Including system; 

a base station and a mobile stadon, yIG. 2 shows the logical diannel structure in a system in 

at least one logical channel comprising a TDMA slot for accordance with the invention; 

packet data oommiinication between the base station 3^ fIG. 3 shows the dianncl structure of a system using eight 

and the mobOe station, time slots; 

a control channel (C) comprising slots temporally spaced ^ ^^^^ structure of the combined paging and 

apMt by a group of consecutive slots of at least one acknowledge time slot; 

logical channel, and FiG- 5 shows an exanmic of the bit contents of the fields 

ao infonnation channel (I) compnsing the group of con- 35 ^^^^^ ^ pjQ 4. 

secutive slots separating the slots comprising the con- ^ ,^ 

*; , " "^j^y^ e & J aho^s an exanmle of the structure of the pagmg 

trol cbannei (\,). »• 1 »■ 
This has the advanUge that each logical channel reserved 

for packet data nransmission is mdq)cndent of any others. FIG. 7 shows an example of the bit contents of the paging 

Thereby, facilitating the variation by a network of the 40 time slot; 

number of packet data channels available to users. Thus, a FIG. 8 shows the structure of the packet access grant time 

networic can dynamically allocate channels for padut data slot, 

transmission according to need. Thus, only channels needed piQ 9 shows an example trf the bit contcots of the packet 

for packet data transmission are reserved as such. access grant time slot; 

In a preferred embodiment the control channel (C) 45 piG. 10 shows the structure of the packet random access 

includes an acknowledge/retransmission request burst borsf 

CARQ) for indicating error-free received data. Thus, if „' . , wi* v.. 

aror free data was not received cc the data could not be FIG. 11 shows an example of he bit contents of the packet 

reconstruacd, retransmission of the data can be requested. random access burst; 

Preferably, the logical channel is a downlink logical so FIG. 12 shows the signalling chart of mobUe onginatcd 

dianoel for transmitting from the base station to the mobile packet transmission; 

station, and the confrol channel (C) is capable of transmit- FIG, 13 shows die state transitions in mobile originated 

ting packet paging (PP) data for informing the mobile station packet transmission; 

of incoming packet data. PIQ, 14 shows die signalling chart of mobile terminated 

Optionally, the control channel (C) is capable of trans- 55 packet transmission; 

mitting a packet access grant PAG signal for acknowledging ^ ^^^^^ ^^^^ transitions in mobUe terminated 

a channel reservation request (FRA) transmitted from the transmission; aod 

mobilcstation.Thus.thccootrolcbannelisc^Mbleofactmg " • , ^i^^ tr, ^ttwma 

as a reservation request acknowledge charmel J^^' vanations of control tmic slots m aTOMA 

This invention proposes a flexible system in which time « 

slots reserved for packet data can be dianged according to DETAILED DESCRIPnON OF EMBODIMENTS 

flccd. . . OF THE INVENTION 

The multi-slot concept described bdow is based on chan- 
nel ind^ndence: aC physical radio channels are alike and A "frame" in this description means consecutive time 
one or more channels, up to die fnaTtimiiTn number, can be 63 slots of a logical channel, not consecutive TDMA frames 
dedicated for packrt use. The media access control (MAC) with their time slots unless qiecLfically described as such, of 
algorithm of the layer ^ve the physical layer is indepen- whidi there are dgbt in he GSM system, for example. 
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RcfercQce is now made to FIGS. 2 and 3. FIG. 3 shows ajca oMrectioii coding and frame check dooe for them. la 

downlink and upUak. firames as seen from a base station in ^bis example, every Sth burst both In tfie downlink and 

an 8-time~s]ot TDMA system. The stiucture in FIGS . 2 and uplink ditectlons is used for control purposes . The frequency 

3 can be combined e.g. with GSM 51 multiftames if needed of control bursts may of ccurse be increased from the 

In one of the TDMA frames going to the c«ll the base sution s proposed every fifth, (^timizing efBciency and he power 

scnds only control data C, and all time slots of tfie next four consumption of the mobile station. In the downlink 

frames include infcxmation I tfiat can be packet data. In such direction, a control burst, indtiding a retransmission request 

a case, the number of information frames per unit time is ^ transmitted as a normal burst. Id the uplink 

decreased, resulting in a decrease in information rate also. <lirection. fee ARQ is transmitted in an access-like burst with 

... . t » .J i ' • ^ in a long training sequence. Then ttjc data part of the burst will 

««oti«aude a random nuiibcx as usual but those bits wiU be 

die ecu ((q)lmk direction), one TDMA frame mdudes only replaced by ARQ bits. Hence, only a sraaU part of an 

control time slots C used for receiving requests, access-type control burst (here it is proposed 12 bits) is used 

acknowledges, etc. sent by mobile stations. The next four for the retransmission request ARQ. A mobile station that 

TDMA frames include only time slots for receiving infor- docs not know the CMCt timing advance is then able to 

mation L Let us now consida the situation from the point of i3 transmit an ARQ burst. In the uplink direction, the control 

view of one mobile station. A base station sends control or bursts include only ARQ bits. 

T"5! in he same time slot of Having transmitted the four-burst frame a transmitter/ 

ea^ TDMA frame. So the ^ slots sent to one mobile receiver wiU Usten to Ac frame acknowledge. An erroneous 

sblion are the tune slots marked with the dotted a^^ frame wiU be immediately retransmitted wd if the frame is 

Hence fee mobile statooo receives one control burst m the 20 ^^^^ transmission continues. IHe frames 

time slot C and, aftothaunfc^^ ^ be numbered to indicate the coircct frames when 

burste If thae is information for that mohUe. This sequence requesting an automatic retransmission. The ARQ acknowl- 

is called a frame in his description, fta^ are rec«ved as edge has the same frame number which it will selectively 

tong as there is somedung to receive. Q«respondingly, a acknowledge. It is even possible that every burst has a 

base station wiU receive from one mobile station in con- ^ separately encoded block which is numbeied. 

secutive time slots marked with the dotted arrow b. The V*.* t^^ .*t^^ k:. u . iat i.4_ 

. ^. ^ ,^ . , Tnc raw information bit rate Is about 19.7 ktos on one 

^ J^Hv?^^"?/!rr '^T^ ^^,1 H £ ' r TCH/F channel with this configuration. By u^ all eight 

ooE^tivc mformation tmie slots I is called a frame in this ^ ^„ j^^^Ue Station O^TSe raw bit 

' rate is about 158 kbps. The automaiu: retransmission request 

FIG. 2 shows the (dedicated) frame structure. Uplink ^ is used over the radio path, ie. between a MS and base 

frames consist of time slots marled with the dotted arrow b station FIS. 

mHG. 3 as explained atovcand^^OTdingly.^^ discussed die physical layer in a system in 

frames consist of time slots marked with the dotted atrow a. accordance with Oie invention. Next we will have a look at 

This description involves a case in which four bursts are the control layer MAC (multiple access conti-ol or media 

used, as explained above, but an I frame may also be longer access contrx>l) above the physical laya. The control layer is 

or shorter. A four-burst I frame is only one alternative and it used for transfcning high level controi messages. Still 

is possible to use TDMAframes of another lengdi (8 bursts, refening to FIG. 3. The MAC algorithm is on top of layer 

for cxan?>le). This is an optimization problem: tiic longer the i, Le. every fiftti burst is used for control purposes. Uplink 

frame, the longer the access delay and m i nim u m packet size. ^ and downlink diannds are used asymmetrically and indc- 

Thus, the length or the frame in the physical layer is a system peodentty. The asymmetric use a physical ciunncl makes 

P*™'^''*^^' it possible to optimize the effident use of channels. Data are 

When encoding four-burst frames in the physical layer, it usually sent in bursts with shcft intervals in one direction at 

is possible to use the same coding as on the stand-alone a time. During another shoct interval the data flow may be 

dedicated control channel (SDCCH) in the known GSM in the opposite direction. This is carried out by sqparate 

system. This code has a frame length of four bursts, or 456 channd allocation. Independence means tiiat both uplink 

trits. (A 228-bit tdock consisting of 184 bits of user data, 40 and downlink directions can be reserved independently of 

parity bits, and 4 tail bits is ccHivolutionally encoded into each other. The method can also be used symmetrically 

436 bits.) The inteileaving dq>th is 4. The interieaving depth whereby uplink and downlink channds are reserved in pairs, 

of 4. compared to 19 in circuit switched data transfa, 53 The higji levd ccHitrol messages carried in he downlink 

reduces tiie transmissioD delay and minimum packet size. control time slots C are padcet paging P and packet access 

Alternatively, some other code, like Reed-Sdomon, could grant PAG. In the uplink, there is no spcdal high levd 

be used to encode the frames. coiUrol time slot but a mobile station can send a packet 

Ld us now consider the physical layer, with refeieoce to random access (PRA) burst in any free I time slot to request 

FIG. 2 which should be lntc^]xeted as follows. If a base 55 a channel. In the physical layer, there is a spcdal control 

station is receiving packet data, the reception occurs in the time slot in the uplink direction and it is used for the ARQ. 

gray I time slots. The base station sends an acknowledge in Ld us next consider a control time slot in the MAC layer, 

the downlink ARQ time slot Hence, the coimection is made Both the packet paging P and the packd access grant PAG 

up of the gray time slots. Correspondingly, when the base can be combined in one burst of a control time slot C or the 

station is transmitting packet data, the connecticMi is made up go paging and request may be sent in separate control time slots 

of the white time slots. C. Hafving (he packet paging P and the packet access grant 

Id layer 1 (the physical layer), an automatic rctransmis- PAG ia the same control burst is die optimal case, and that 

sion request (ARQ) is used in a control time slot C to is possible if tiie number of bits available in one burst in the 

decrease the frame error rale when transferring from the cellular system is sufitdent Control bursts are encoded 

physical layer to the urot layers. Howevff, the use of ARQ 63 independcntiy, Le. 00 interleaving is used, 

is optional and need not be utilised nor induded in die Now referring to FIG. 4 illustrating the first alternative, 

system. A data frame consists of 4 bursts which have had die i.e. die structure of a combined acknowledge and paging 
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burst. A base station maoagiiis flic radio resources monitors 
the states of tfie cfaaonels; in other words, which channels are 
free and whldi are reserved. It (nmsmits a bitmap of free 
uplink channels in every downlink control burst as part cf 
the burst; In FIG. 4, right at the beginning of the burst The 
bitmap indicates to the mobile station he idle channels at that 
momeot on which it can send a packet channel request in the 
form of an access burst. Also included in (he cootrol burst 
are the packet paging, packet access grant and ttie automatic 
retransmission request ARQ of Che physical layer. The 
packet paging P part of the burst is used for infonning The 
mobile station about inooming packet data traDsmissioa. Hie 
paging also includes (he temporary packet mc^e identity 
TMPL tciopoiaiy logical link identity TLLI in GSM GRPS, 
and a desoiptioD of the channels reserved by the network for 
the mobile temiln^d data transmission. The third part of 
the coatcol burst, the packet access grant PAG, includes a 
random number used to distinguish various requesters, a 
bitmap of the channels reserved for the connection, and the 
ttming advance TA. The last part of the burst includes an 
ARQ for acknowledgiag layer 1 messages. 

If the combined P and PAG burst were applied in the 
known GSM cellular system, the bit contents of the burst 
fields could be as shown in the e]ienq>lary table of 

FIG. 5. The P and PAG together would take up 55 bits and 
ARQ 12 bits, thus making up a total c£ 67 hits in the burst 
Htc combined burst can be used in any aj^ilicatioD system 
provided that the number of information bits in the burst is 
sufBdent i.e. the number of infonnation bits is the same or 
hi^er than in the OSM system. 

PEGS, ti and 8 illustrate another alternative for transferring 
paging and acknowledge tMirsts. The bursts are sen sepa- 
rately with the P and PAG in their own control bursts. The 
P and FAG time slots share the downlink control channel, 
these time slots are sent alternately, for example. Evay 
other control time slot C is for the paging P and every other 
for the acknowledge PAG. A mobile station will distinguish 
between paging and acknowledge by checking the steal bit 
in the burst. A P time slot will have "1** as the steal bit and 
a PAG time slot will have a "0" or vice versa. Occasionally 
there might be a need to send a packet access grant PAG 
instead of a packet paging P if there are no packet pagings 
coming to the cell at that moment This can be done by 
stealing the P time slot for tiie PAG and notifying the mobile 
station with the steal bit. 

As shown in FIG. 6. the sq>arate packet paging burst 
structure includes first the bitmap to indicate freeArserved 
channels. The bitmap consists of 8 consecutive bits if ttie 
TDMA frame is 8 time slots. The next field Is the paging 
field in which the first part is the tempoiaiy mobile identity 
TMFI and the second part a bitm^ which indicates to he 
mobile station the dumnels reserved by the network for the 
transmission of packet data, whidi the mobile station has to 
use for receiving paclat data. Finally, there is the field for 
the automatic retransmission request FIG. 7 shows as an 
example the bit contents of the paging field when he cellular 
network is a GSM network. The field Includes 60 bits if the 
TMPI is the GSM^s temporary mobile subscriber identity 
TMSL A shorter TMPI, 25 bits, for example, will suffice. 

As shown in FIG. 8. (he separate paclKt access grant PAG 
burst includes first a bitmjqt to indicate free/reserved chan- 
nels. The next field is the acknowledge field far the pack^ 
random access sent by a mobile station. There the first part 
is a random number included in the request sent by the MS. 
Then follows a bitmap that indicates to the mobile station the 
channels reserved by the network for the transmission of 



10 



15 



20 



25 



30 



35 



40 



50 



55 



60 



63 



packet data. The mobile station will use these channels to 
send packet data. Finally, there is be field for the automatic 
retransmission request. The random number used in the 
request is used to indicate the packet access grant to a 
Specific mobile station (mapping of PRA to PAG). Mobile 
stations in the cell will listen during this time slot and the 
random number will tell a particular mobile station that the 
acknowledge is meant for it To decrease the probability of 
collision (should two mobile stations select the same random 
number) it is possible to use for the idcntificatloa either (he 
number of requested time slots or the priority or the time slot 
number of the pad:et random access ^RA) time slot (which 
refers to the time slot which the mobile station used for 
requesting a channel). These parameters are not shown in 
FIG. 8. 

The table in FIG. 9 shows the tat contents of the control 
time slot presented in FIG. 8 if the iqiplication system is the 
GSM. The bits indicating the number of requested time slots 
as well as fiiose indicating the priority arc optional. 

So far we have described an embodiment of the inventive 
system mainly from the point of view of a base station. Let 
us now consida the transmission frcm a mobile station to a 
base station. The base station schedules the reservation of an 
uplink channel It has the knowledge of free and reserved 
channels and that informalion is transmitted in every down- 
link control burst as e:q>lained above. The bitmap consists 
of 8 bits, one for each time slot in a TDMA frame if the 
frame is a TDMA frame widi $ time slots. The reserved 
channels are marked with tat 1 and idle diannels with bit 0. 
If the n^ork is not using all 8 time slots for the packet 
transmission sovicc, ttien only those channels that are used 
may be marked idle. The rest of the channels are treated as 
if tiicy were reserved, i.e. bit 1 is sent 

Referring to FIG. 10. A mobile station which has data in 
its buffer and wants to send it mcmitors the control bursts 
sent in the downlink C time slots. Monitoring is continued 
until the bitmap shows that an uplink <^annel is marked idle. 
As soon as llie idle channel is found, an access burst 
(channel request) according to FIG. 10 is transmitted in an 
I time slot nurlnd idle. Hiis burst carrying the packet 
random access burst PRA is randonly selected as one of 
four, for example, if the frame used is four bursts. He packet 
random access VRA is similar to the access burst in ttie GSM 
systeno, for exanqiie. with a long training sequence. Then the 
data part of the burst will not include a raiKtom number as 
usual but those bits will be r(f)laced by The FRA bits, 
Because of the long training sequence a mobile station 
whidi does not know the exact tiimng advance is able to 
send a FRA burst without problems. Possible coLtisi<»is 
occurring when more than one mot»lc stations request a 
channel in the same time slot are handled with a back-ofif 
algorithm. An access burst consists of a random number sent 
back by the base station in the acknowledge burst, a number 
indicating how many time slots he mobile station wants, a 
four-level priority number, and finally a bit indicating 
wbetfaer or not the time slots have to be consecutive. The 
requirement or consecutive time slots is needed to support 
certain mobile classes. There might be a mobUe station 
capable of handling, say, two packet time slots if they are 
consecutive in a TDMA frame but not if the time slots arc 
a distance apan. 

FIO. 11 ^ows the possible bit cxintents of the fields. The 
burst consists of at least 11 bits. As soon as a base station 
receives an access burst FRA, it sends a paclKt access grant 
PAG in a downlink control burst C. If mult^le consecutive 
access bursts are received before he next packet access grant 
can be transmitted, the priority or random sdecticHi is used 
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to assign the channel for a mobile station. If there are not as 
many tune slots available as requested, the base station can 
give as many as there are free. 

When a mobile station has received an acknowledge PAG 
scot by a base station for a chancel request FRA It starts to ^ 
transmit packet data on die reserved channel oonstsdng of 
one or more time slots, up to the maximum amount. It is 
possible to transmit during one reservation at least 128 
octets which is the usual X.2S maximum packet size. 128 
octets equals six 4-octet blocks. This means that the maxi- 
mam amount of data transmitted during one reservation 
dq>cnds on the number of time slots used and that there has 
to be a Umit value set in case the transmission fails and a 
retransmission is required. The limit value has to be more 
than 6, because in the case of retransmission 6 firames will 
not be enough to transmit all. 

FIG. 12 shows a signalling chart for mobile originated 
packets. A mobile station MS sends a channel request PRA 
acknowledged by a base station in a packet access grant 
burst PAC. The mobile station transmits pack^ data in time 
slots of one frame and the base station acknowledges or 
sends a retransmission request. This goes on until all packet 
data have been transmittal or time-out occurs. 

FIG. 13 is a state transition diagram illustratii^ the events ^ 
in a mobile station during packet transmission from a base 
station to the network. When the data buffer is fiill, the 
mobile station goes from idle state to receive state and 
receives the inf cwmation in the first control time slot from the 
base station. It ccmsults the bitm^ to see \^^er there are ^ 
any free channels, and if not, checks tiie infonnation in the 
next control time slot This goes on until a free channel is 
found. Immediately after that, a diannel request is sent on 
the free cbaimel and if the base station acknowledges, packet 
data is transmitted on the dedicated channel. If no acknowl- 
edge is received, tiie mobile station returns to lecdve control 
time slots and search for a free diannel. 

FIG. 14 illustrates a case where a network sends packet 
data addressed to a mobile station MS. A base station 
initiates a downlink transmission by sending a packet paging 40 
P in a control time slot C. The packet paging includes the 
mobile station identity and the reserved time slots. These 
time slots begin in the next TDMA frame. As soon as the MS 
receives the packet paging it starts receiving in the defined 
time slots. 45 

Pack^ pagings are transmitted in every consecutive time 
slot of a downlink control sequence to inform mobile 
stations about incoming packets. This means that a mobile 
station must listen to all pactet paging channels in order to 
find out if there are pack^s coming to it Itus of course uses so 
energy stored in the mobile station's battery. To optimize the 
power consumption mobile stations can be divided into 
different paging grou(>s according to the temporary identity 
or IMSL for exanq>le. Then a ntobile station has to listen to 
only one time slot in a TDMA frame instead of all the time 55 
slots. There can be eight time slots, so it is more practical to 
listen to one time slot only. The paging frequency can be still 
decreased to support discontinuous recq>tion DRX. This, 
however, increases the delay and therefore the DRX should 
be a selectable mode for a mobile station. The DRX power 60 
saving function can also be combined with the paging burst 
used in the present GSM system by adding the code "incom- 
ing packet" in the burst Then a mobile station will listen to 
standard pagings and the code will inform It about an 
incoming packet transmission. Hen the mobile station will 65 
start listening to the packet paging channel P and receive the 
necessary ii^ormation from tiiat chaimel. Of course, (he 
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network needs to know whether the mobile station is listen- 
ing to the standard pagittg channel or Che packet paging 
channel. The mobUe station sends tiiis information in a short 
management message. 

If the base station does not receive an ARQ acknowledge 
in a certain number of frames, say. in seven frames, it draws 
the conclusion that the nubile station is not receiving frames 
carrectiy. Then the packet paging will be rqxated. 

FIG. 15 shows a mobile station state transition diagram 
for die case presented in FIG. 14. Understanding the dia- 
gram is ea^ on the basis of the descrqition related to FIG. 
14, so further explanations are not needed. It is, however, 
pointed out that most of the time the mobile station is 
receiving control bursts and dctermirung if thoe is a packet 
data transmission coming to it 

The frame used in the data Unk layer may be variable in 
length. A maximum length of, say, 128 octets, as in the X.2S 
protocol can be chosen. A variable Icngti) reduces the 
number of acknowledges in the link layer and thus the 
number of rcscrvatioas. 

The system may be in^lemented in many ways within the 
scope of tite invention defined by he claims set fortii below. 
For example, the control time slots need not be as shown in 
FIG. 3 but they can be moved diagonally, as illustrated by 
FIG, 16. 

In cad) frame, the control time slot C Is moved forward 
one time slot thus creatiiig a diagonal pattern of control time 
slots both in the uplink and downlink frames as shown in 
FIG. 16. A dedicated frame, however, still consists of a 
control time slot C and four infomnation time slots L as in 
the case illustrated by FIG. 3. 

The sc<^ of the present disclosure includes any novel 
feature or combination of features disclosed therein either 
explicitiy or impUdUy or any generalisation Ifaerccrf iire* 
spective of whether or not it relates to die daimod invention 
or mitigates any or all of the problems addressed by (he 
present invention. The ^jplicant hereby gives notice that 
new claims may be fcmnulated to such features during 
prosecution of this ^jplication or of any such further appli- 
cation derived therefrom. 

What we claim is: 

1. A time division mult^ile access (TDMA) radio tele- 
phone system for transmitting packet data including: 

a base station and a mobile station, and 

at least one logical diaimel conprising TDMA slots for 
transmitting packet data communication between die 
base station and the mobile station, individual ones of 
the TDMA slots of the at least one logical channel 
occurring in a succession of physical TDMA frames, 

the at least one logical channel having a control channel 
(C) comprising slots that arc ten^»raUy spaced apart 
by a group of consecutive slots, and an information 
channd (I) comprising the group of consecutive slots 
that occur in successive physical TDMA frames and 
that separate the slots ccniqirising the contrd diannel 
(C), wherein the control channel (C) indudes an 
acknowledge/retransmission request burst (ARQ) for 
indicating error-free received data. 

2. A system according to claim 1. wherein said base 
station Is responsive to a cfaaimd reservation request (FRA) 
traosmitted from the mobile station as a system access type 
burst that indudes information for specifying how many 
time slots the mobile station wants to be reserved for packet 
data transmission. 

3. A system according to claim 2, wherdn the channd 
reservation request (PRA) includes an identifier indicating 
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how ituny coosecutively ixxunios information channel 
time slots Ac mobile statioo wants to reserve. 

4. A system according to claim 1 wherein in a downlink 
direction from ttic base station to the mobile station the 
acknowledgc/rctransmission request burst (ARQ) h part of j 
a combined control channel burst (C) which iacludes both a 
packet poging (PF) and a packet access grant (PAG). 

5. A system according to dalm 4, wherein the cootrol 
channel burst (C) includes a bitm^ indicating free and 
reserved logical channels in an upUnk direction from ttte jg 
mobile station to the base statioo. 

6. A system according to claim 4, wherein Ihe packet 
paging (FP) and the packet access grant (PAG) signal are 
sent in alternate time slots of the control channel (C) and 
botii bursts include an identifier with which a mobile station 
can distinguish one from the other. 

7. A system according to claim 4, wherein only packet 
access grant (PAG) signals are sent in the time slots of die 
control channel (Q if there are no packet pagings (PP) to 
send and the coonol channel burst includes an identifier with 
which a mobile station can distinguish one from the other. 

8. A system according to claim 1, wherein in a downlink 
direction from the base station to the mobile station the 
acknowledgc/iretransmission request burst (ARQ) is pait of 

a control channel burst (C) whidt also includes a packet 25 
paging (PP). 

9. A system according to claim 1 vt^oein in a downlink 
direction frvm die base station to die mobile station the 
ackaowledgeAetransmission request burst (ARQ) is part of 

a control channel burst (C) which also includes a packet 3Q 
access grant (PAG). 

10. A system according to claim 1, herein fcr transmit- 
ting packet data from a mobile station to a base station the 
mobile station monitors control channel bunts transmitted 
on a downlink channel from the base station to die mobile 33 
station until a free channel dedicated for infcxmatioo transfer 

is identified, and in a time slot of an identified free channel 
the mobile station transmits a channel reservation request 
(FRA). and in refuse to receiving a packet access grant 
(PAG) signal from die base station die mobile station ^ 
transmits packet data on die identified free channeL 

11. A system according to datm 10, wherein the channel 
reservation request (I^(A) signal con^slses data indicative 
of a mol»le station identifier, a number of ttme slots required 
for packet data transmissioa, and a priority of the channel 
reservation request (PRA). 

IZ A system according to dalm 11, wherein the channel 
reservation request (PRA) fiirtber conqxises data indicative 
of whether or not the time slots have to be consecutive, 

13. A time division multiple access (TDMA) radio tdc- 
phone system for transmitting packet data including: 
a base station and a motnle station, and 
at least one logical channel comprising TDMA slots for 
transmitting packet data communication between the 
base station and the mobile station, individual ones of 53 
the TDMA slots of the at least one logical diannd 
occurring in a succession of physical TDMA frames, 
the at least one logical channel having a control channd 
(C) con^nising slots that are temporally spaced apart 
by 8 group of consecutive slots, and an information 60 
chanod (I) comprising die group of consecutive slots 
that occur in successive physical TDMA fimnes and 
that separate the slots comprising the cootrol chaoad 
(C). wherein the logical diannel is a downlink logical 
channel for transmitting from the base station to the 65 
mobile station and the control channd (C) is capable of 
transmitting packet paging (PP) data for infonniiig the 



mobile station of incoming packet data, and wherein 
the packet paging (FP) data indudes a bitnu^ indicat- 
ing which time slots are reserved for downlink packet 
data transmissioiL 

14. A system according to claim 13, wherein a mobile 
station listens to said packet paging data (FP) only on a 
chaimd assigned to the mobile station. 

15. A system according to claim 14 wherein on said 
assigned channd said packet paging (PP) data is transmitted 
only in Redetermined control time slots known to the 
md>ile station and the mobile station listens to packet 
paging (PP) datia only during the predetermined control time 
slots. 

16. A system according to daim 13, wherein said packet 
pagtng (PP) data is transmitted in every downlink contrd 
channd time slot of a TDMA frame from the base station to 
the mobile station. 

17. A time division multiple access fTDMA) radio tde- 
phone system for transnoitting packet data including: 

a base station and a mobile station, and 
at least one It^cal diannel comprising TDMA slots for 
transmitting packet data commuiticatioa between the 
base station and the mobile station, individual ones of 
the TDMA slots of die at least one logical channd 
occutring in a succession of physical TDMA frames, 
the at least one logical channd having a control channd 
(Q conqnising slots that are tenqxirally spaced apart 
by a group of oonsec^ve slots, and an information 
channd (I) comprising the group of coosecutive slots 
that occur in successive ptysial TDMA frames and 
that separate the slots comprising the control channd 
(C), whereio the logical channd is a downlink logical 
cbannd fcH* transmitting from the base station to the 
mobile station and die cootrol channel (C) is capable of 
transmitting packet paging (PP) data for informing the 
mobile station of incoming packet data, wherein the 
control channel (C) is equable of transmitting a packet 
access grant (PAG) signal foe acknowledging a cfaatmd 
reservation request (PRA) transmitted from the mobile 
station, and wberdn the padcet access grant (PAG) 
signal Indudes a bitm^ indicating whidi time slots 
have been reserved for uplink packet data transmissioiL 
IS. A time division mult^le access (TDMA) radio tde- 
phone system for transmitting packet data including: 
a base station and a mobile station, and 
at least one logical channel comprising IDMA slots for 
transmitting packet data communication between the 
base station and die mobile station, 
the at least one logical cbannd having a control channel 
(Q oimprising slots that are temporally spaced i^art 
by a group of consecutive slots, and an information 
channd (I) conqirlslng the group of consecutive slots 
separating the slots comprising the control channel (C), 
wherein the logical channd is a downlink logical 
channd for transmitting from the base station to the 
mobile station and the control diannel (C) is capable of 
transmitting packet paging (FP) data for informing the 
mobUe statioo of incoming packet data, and wherdn 
the packet paging (FF) data indudes a bitmap indicat- 
ing which time slots are reserved for downlink packet 
data transmission, 
wherdn a mobile station Usteus to oonnal paging calls of 
the system for an identifier indicating an incoming 
packet data transmission, and responsive to a detection 
of said identifier the mobile station starts listening to 
said packet paging (FP) data. 
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19. A system for tiie radio transmission of padcct data in 
a digital time division mult^le access (TDMA) based cel- 
lular system of a type that includes at least one base station 
and at least one mobile station, wherein downlink direction 
logical channels firom a base station to a mobile station 5 
conqidsc chaimels for the transmission of information (I) 
and control channels (Q including a paging channel for 
sending packet paging (PP) data with whi<A the netwodc 
informs the mobile station about an incoming packet data 
transmission and also a reservation request acknowledge lo 
channel on which the network transmits a packet access 
grant (PAG) to adcnowlcdge a channel reservation request 
(PRA) transmitted by a mobile $tati<»i on an uplink direction 
Ic^cal channel from the mobile station to the base station^ 
wherein a number of time slots in a TDMA frame dedicated 15 
for packet data transmission is variable according to packet 
data transmission needs, wherein packet data is encoded into 
an information channel frame comprising N-1 information 
bursts and between infoimatlon diannel frames tticrc Is one 
control channel (C) burst, wherein the infoniuition trans- 20 
mission channel frames and the control channel bursts fonn 
N burst sequences, and wherein on the control channel is 
transmitted an acknowledge^^Fansmission request (ARQ) 
burst reporting one of that a received frame was emx-fne cr 
requesting retransmission, 2s 

20. The system of claim 19, whaein the packet paging 
(FP) data includes a bitmap indicating which time slots are 
reserved for downlink packet data transmission. 

21. The system erf daim 19, wherein the channel reser- 
vation request (PRA) is formed as a system access type burst 30 
and includes information as to how many time slots the 
mobile station wants reserved for pack^ data transmission. 

22. The system of claim 19, herein the packet access 
grant (PAG) includes a bitmap indicating which time slots 
have been reserved for uplink packet data transmission ^m 35 
the mobile station. 

23. The system of claim 19, n^ierein in the downlink 
direction the acknowledgeActransmissioii request (ARQ) 
burst is part of a control channel bunt which inclu<tes both 
a packet paging (PP) data and a packet access grant (PAG). 40 

24. The system of claim 23, whtrein the coofrol channel 
burst includes a bkmap indicating both bee and resaved 
logical channels in the uplink dtrectioa. 

25. The system of claim 19, wherein in the downlink 
direction, the acknowledgcfretransmlssion request (ARQ) 45 
burst is part of a control diannel burst whidi also includes 
a packet paging (FP) data. 

26. The system of claim 25. wheardn the control channd 
burst includes a bitm:^) indicating both free and resaved 
logical diannels in the ufdink direction, 50 

27. The system of claim 19, wherein in the downlink 
direction, the acknowledge^transmission request (ARQ) 
burst is a part of a control diannel burst which also indudes 
a packet access grant (PAG). 

28. The system of claim 27, wherein the control channd 53 
burst indudes a bitmap indicating both ftce and reserved 
logical channels in the uplink direction. 

29. The system of claim 19, whcrdn die packet paging 
(PP) and the packet access grant (PAG) are transmitted in 
alternate time slots of the control channel (C). and the PP tio 
and PAG each include an identifier with which a mobile 
station can distinguish one from the other. 

30. The system of daim 19, wherein only the packet 
access grant (PAG) is transmitted in time slots of the control 
diannel (C) if there is no packet paging (PP) data to send. 
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and the PAG and FP each include an identifier with which a 
mobile station can distinguish one frtun the other. 

31. The system of daim 19, whcrdn when transmitting 
padcet data from a mobile station to a base station the mobile 
station monitors a bit map transmitted on the downlink 
control channd untU it identifies afrce channd dedicated for 
infomiation transfer, and in rcsfionsc to identifying a free 
channd, die mobile stattoo transmits a channel reservation 
request (PRA) which the base station acknowledges with a 
packet access grant (PAG), and the mobile station immedi- 
ately begins to transmit packet data on a channd assigned by 
the base station. 

3Z The system erf claim 19, wherein the mobile station 
listens to padret paging (PP) data only on an assigned 
channd. 

33. The system of daim 32, wherein on the assigned 
channd, packet pacing (PP) data is transmitted cmly in 
predetermined control time slots known to the mobile 
station, and the mobile station listens to packet paging (FP) 
data only during the predetermined control time slots. 

34. The system of daim 19, wherein a mobOc station 
listens to first paging calls of the system, the first paging 
calls induding an identifier indicating an incoming pack^ 
data transmission, and when detecting said identifier the 
mobile station starts listening to said packet paging (FP) 
data. 

35. The system of claim 34, wherein die mobOe station 
transmits a message to the system to indicate wbetiicr it 
listens to the first paging calls or to the packet paging (PP) 
data. 

3*. The system of daim 19, whcrdn if the base station 
docs not receive an acknowledgeA-ettansmission request 
(AR(2). the base station retransmits the packet paging (FP) 
data. 

37. The system of daim 19, wherein the channel resa- 
vation request (PRA) includes an identifier for indicating a 
numbo- of consecutive information channel time slots that 
are required. 

38. Hie system of claim 19, wherein the packet paging 
(PP) date is transmitted in every time slot of a TDMA frame. 

39. A time division multiple access (TDMA) radio tde- 
jAone system for transmitting packet data, con^xising: 

a base station and N packet data mobile stations, and at 
least N logical channels each canonising M TDMA 
time slots that define a logical TDMA frame for trans- 
mitting packet data coimminicatioiis between die base 
Station and Individual ones of sdd N mobile stations, 
individual ones of said M TDMA time slots of a logical 
TDMA frame occurring during a same physical time 
slot number in a succession of p^iysical TDMA frames; 
nlierein 

each of said at least N logical channels comqirises a 
control channel (Q and an informatioo channel (I), said 
control channel (C) bdng transmitted during physical 
time slots ttiat are ten^rally spaced apart by M-1 
consecutive same numbered physical time slots of M-1 
consecutive physical TDMA frames, said information 
channd (I) being transmitted during same numbered 
M-1 consecutive f^ysical time slots of said M-1 con- 
secutive TDMA physical frames; and wherein 

at least one of said N lo^cal charmcls is used for 
transmitting packd data communications between the 
base station and an individual one of said N mobile 
stations. 
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